Over 50% of road traffic injury (RTI) patients experience post-traumatic acute lung injury (ALI) and it is, therefore, extremely important to identify the risk factors related to the poor outcomes associated with ALI in RTI populations. This study evaluated 19 potential risk factors associated with the outcomes of ALI in 366 RTI patients. They were divided into two groups: a 'favourable outcomes group' and an 'unfavourable outcomes group'. The results indicated that the Acute Physiology and Chronic Health Evaluation II (APACHE II) score and the presence of gastrointestinal haemorrhage may help predict the outcomes of ALI in the early post-trauma phase of treatment. The duration of trauma and sepsis were shown to impact strongly on both the short-and long-term outcomes of ALI. Age (≥ 65 years) and disseminated intravascular coagulation in the early RTI phase were also independent risk factors for a poorer short-and long-term outcome in ALI.
Introduction
The incidence of trauma has been increasing dramatically with the appearance of more high-risk work, increases in road traffic transport and the sharp increase in the numbers of vehicles. 1 Various unfavourable outcomes can occur following trauma, including the development of acute respiratory distress syndrome (ARDS), increased hospital mortality, reduced longterm pulmonary function and reduced quality of life. Over 50% of road traffic injury (RTI) patients experience post-traumatic acute lung injury (ALI) and the majority of RTI patients have severe multiple trauma. 2, 3 Although multiple studies have concentrated on the risk factors associated with the outcomes of severe trauma with posttraumatic ALI, 4 none has restricted their patient populations just to those patients with RTI. We, therefore, formulated the hypothesis that specific risk factors would be associated with the outcomes of ALI in RTI patients, which would not be seen in the general patient population. In addition, each risk factor might have a different L Sheng, J-S Wu, M Zhang et al. Risk factors for acute lung injury outcomes following road traffic injury impact on the different patient subpopulations, such as in patients who survived beyond 24 h compared with those who survived beyond 28 days.
Patients and methods

PATIENTS
This was a retrospective study that included consecutive patients with severe RTI as the single cause of admission to the Emergency Intensive Care Unit (EICU) of The Second Affiliated Hospital, Zhejiang University (a level 1 academic emergency trauma centre), between July 2004 and May 2008.
Inclusion criteria were: adults (age ≥ 18 years) with early onset of ALI; EICU length of stay > 24 h; ALI duration > 6 h (to allow any potential risk factors sufficient time to cause effects); and survival > 24 h without mechanical ventilation during the period of ALI. Patients were divided into two groups: the 'favourable outcomes group' consisted of patients who did not develop ARDS with mechanical ventilation therapy and the 'unfavourable outcomes group' consisted of patients who did develop ARDS and died. The criteria used for ALI/ARDS met the definition of the American-European consensus conference. 5 Patients' demographic characteristics, treatment procedures and injury severity data were collected at the time of EICU admission.
The study was approved by the Institutional Review Board of Zhejiang University and the need for patients' informed consent was waived because only normal treatments or interventions were given.
RISK FACTORS
The following 19 potential risk factors were evaluated: (i) gender; (ii) age ≥ 65 or < 65 years; (iii) smoking status; (iv) alcohol abuse, defined as insobriety more than three times per week; (v) diabetes mellitus; (vi) duration of trauma (e.g. continuous crush injury), grouped as ≥ 1 or < 1 h and defined as the time interval from the start to end of the trauma; (vii) Acute Physiology and Chronic Health Evaluation II (APACHE II) score, grouped as ≥ 20 or < 20; 6 (viii) pulmonary contusion, diagnosed by computed tomography scan; (ix) non-chest trauma, defined as injury at several anatomical sites excluding the chest; (x) traumatic shock, grouped as ≥ 0.5 or < 0. 
STATISTICAL ANALYSIS
The 'favourable outcomes group' and the 'unfavourable outcomes group' were statistically compared using the χ 2 test for categorical variables and the Student's t-test for continuous variables (normally distributed data). The 19 risk factors were evaluated using univariate logistic analyses, and results with a P-value < 0.05 were analysed further using a conditional multivariate logistic regression model. Goodness of fit in the regression model was evaluated by the Hosmer-Lemeshow test (P < 0.05). Adjusted odds ratios (ORs) with 95% confidence intervals were calculated. Statistical analyses of the data were carried out using the Statistical Package for Social Sciences (SPSS ® version 11.0; SPSS Inc., Chicago, IL, USA). A two-tailed P-value < 0.05 was considered to be statistically significant.
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Results
During the study period of approximately 4 years, 425 patients with severe RTI were admitted to the EICU. In the cohort surviving > 24 h there were 366 patients (86%) and these were included in the study. There were no significant differences in the demographic characteristics of patients between the 'favourable outcomes group' and the 'unfavourable outcomes group' with respect to race, gender, ISS, interval from injury to EICU admission and interval from injury to ALI (data not shown). Compared with the 'favourable outcomes group', the 'unfavourable outcomes group' had a significantly higher APACHE II score (P = 0.003), blunt injury rate (P = 0.015) and age (P = 0.001).
Among patients surviving > 24 h after EICU admission, statistically significant unadjusted ORs were associated with age (OR 1.312; P = 0.001), duration of trauma (OR 2.031; P = 0.021), gastrointestinal haemorrhage (OR 3.357; P = 0.025), DIC (OR 2.771; P = 0.026), APACHE II score (OR 3.992; P = 0.002) and sepsis (OR 2.995; P = 0.018) ( Table 1) . To observe the long-term effects, those patients who survived > 28 days underwent further analysis (n = 301). Clear increases in the adjusted ORs were observed for duration of trauma (OR 4.909; P = 0.011) and sepsis (OR 5.331; P = 0.014), with further smaller increases also observed for age (OR 1.764; P = 0.000) and DIC (OR 3.014; P = 0.039) ( Table 2 ). On the other hand, the adjusted ORs for the APACHE II score (OR 1.178; P = 0.034) and gastrointestinal haemorrhage (OR 1.723; P = 0.020) showed decreases ( 
TABLE 1: Unadjusted odds ratios for potential risk factors associated with outcomes in road traffic injury patients with acute lung injury who survived > 24 h after hospital admission (n = 366)
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Discussion
This retrospective cohort study demonstrated that several risk factors may be correlated with outcome in RTI patients with ALI. The APACHE II score is often regarded as the main indicator of mortality in trauma populations. 6 Whilst this potential risk factor was also identified as the main risk factor for the prognosis of ALI in the present study of survivors > 24 h (OR 3.992), its impact on outcome decreased in patients who survived > 28 days (OR 1.178). The APACHE II score can, therefore, probably predict the outcome of ALI in the early stage after severe RTI. Multiple therapeutic measures, such as immediate damage-control (DC) operations to mitigate secondary injury, a defensive ventilation strategy to prevent ventilatorassociated lung injury and early antibiotic use, were used to relieve severe traumatic injury in our cases, hence a single factor like the APACHE II score might not be the optimum index for assessing the outcome of ALI in the RTI population during the entire EICU treatment period.
In our experience, duration of trauma determines the severity and outcome of injury following EICU admission; 7 a longer duration of trauma generally results in a higher rate of mortality. For the RTI population investigated in the present study, the effect of the duration of trauma was indicated both in those patients surviving > 24 h and in those surviving > 28 days. Specifically, the OR increased by more than two-times in those patients surviving > 28 days compared with those who survived > 24 h. The present results also indicated that the duration of trauma affected both the shortand long-term outcomes of ALI in this specific RTI population, which makes it is of vital importance to remove the traumacausing factors as quickly as possible.
Age ≥ 65 years as a risk factor has been demonstrated extensively as contributing to mortality from ARDS, 8 but has not been reported in outcome analyses for the development of ALI in 'pure' RTI populations. 9 This may be as a result of physiological limitations in the elderly in terms of being able to respond to injury and secondary sepsis; in particular, pulmonary function is known to deteriorate with age. 10 The reported rate of mortality from ALI/ARDS ranges from 31% to 74%, depending on the specific patient population, with most deaths occurring as a consequence of sepsis and multiple organ failure. 11 The present results demonstrated that sepsis remains the main risk factor in severe RTI 12 then secondary organ dysfunction, hypotension and hypoperfusion ensue.
Gastrointestinal haemorrhage is a common occurrence in critically ill patients and has been shown to occur within 2 weeks in ALI/ARDS. 13 In contrast, the present study showed that the impact of gastrointestinal haemorrhage on the outcome of ALI only appeared in the early phase (24 h), and the expected increase in the OR did not occur in those patients surviving > 28 days. Most severe RTI patients receive early fluid resuscitation (within 24 h) and, therefore, hypoxaemia and hypoxia-induced hypoperfusion in the gastrointestinal tract are improved, resulting in the long-term impact of gastrointestinal haemorrhage being gradually attenuated.
Disseminated intravascular coagulation is a systemic syndrome characterized by enhanced activation of coagulation, resulting in intravascular fibrin formation and deposition. 14 It is also thought to contribute to multiple organ failure and death. 15 In the present study, DIC appears to be an independent risk factor that is associated with the outcome of ALI during the entire EICU treatment period. We suggest that, as the microvasculature of the pulmonary system is a critical interface for oxygen and energy delivery to tissues, its obstruction or slight injury due to fibrin formation and deposition might destroy this delivery system.
The present study indicated that, in a pure RTI population, the APACHE II score and gastrointestinal haemorrhage may predict the outcomes of ALI in the early phase of post-trauma treatment. The duration of trauma and sepsis were shown to impact strongly on both the short-and long-term outcomes of ALI. Age (≥ 65 years) and DIC in the early RTI phase were also independent risk factors for a poorer short-and long-term outcome in ALI.
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